Drought analysis needs continuous long time-series of monthly rainfall. Standardized Precipitation Index (SPI) and Standardized Runoff Index (SRI) which determine meteorological and hydrological drought index respectively are computed with the input data from TRMM 3B42RT and APHRODITE. The results are compared to the ground station data, in order to determine which data has good performance to describe drought condition in Pemali-Comal river basin. The meteorological drought index computed from TRMM gives better result than APHRODITE for SPI of 3 to 12 months, except for SPI 1 month. Nevertheless, the hydrological drought index from TRMM generally has better result than APHRODITE.
Introduction

Background
Drought threatens several regions in Indonesia, including Central Java Province. Drought events in the last decade tend to increase and the impact is much greater [1] . In order to reduce the risk of drought disasters, drought management is needed through mitigation and continuous monitoring. There are several types of drought events, two of these will be discussed in this paper, namely meteorological and hydrological drought. Meteorological drought is represented by Standardized Precipitation Index (SPI) calculation, while hydrological drought is represented by Standardized Runoff Index (SRI) calculation. Data requirement for SPI and SRI calculation is continuous long timeseries of monthly rainfall (more than 30 years). Meanwhile, rainfall data availability in Indonesia is very limited both spatially and temporally, especially for region outside Java. Therefore, utilization of satellite data is the most effective solution to overcome this problem, although the data are available only from early 2000.
Notog Station is a ground station that chosen to be compared with TRMM and APHRODITE. Although data in Notog Station is available from 1980, but the analysis follows the available data of TRMM which is started from 2002 until present. In addition Notog station has several advantages, such as some rainfall stations surrounding Notog Station that useful for meteorological drought analysis and some discharge station that useful for hydrological drought analysis as an outlet of catchment area of Notog weir.
Aphrodite
In order to compare, data of TRMM, APHRODITE, and ground station need to be analyzed in the same length which has been selected for 6 years data from 2002 -2007. APHRODITE's daily gridded precipitation is the only long-term (1951 onward) continental-scale daily product that contains a dense network of daily rain-gauge data for Asia including the Himalayas, South and Southeast Asia and mountainous areas in the Middle East. Those data is compiled from a number of valid stations between 5000 and 12,000, representing 2.3 to 4.5 times the data available through the Global Telecommunication System network, which were used for most daily grid precipitation products [2] .
TRMM
TRMM satellite was launched in November 1997 and has been producing since 1998. TRMM Standard Products consists of satellites and GV (Ground Validation). Since 1998 the product has been amended several times to improve the process of re-unification of various algorithms and processes [3] .
Tropical Rainfall Measuring Mission (TRMM) is a collaboration of two national space agency of the United States NASA (National Aeronautics and Space Administration) and NASDA-Japan (National Space Development Agency of Japan), which is now turned into JAXA (Japan Aerospace Exploration Agency). TRMM is made to measure rainfall in the tropical area with a wide range of sensors from orbit and low inclination. Inclination (tilt orbit) is the angle between the reference fields with the field measured slope [3] .
TRMM orbiting polar (non-synchronous) has inclination 35° from the equator, with altitude orbit 350 km at the beginning of the launch and changed to 403 km since August 24, 2001 until now. In orbit, TRMM rotates around the earth for approximately 90 minutes / 1 rounds, and 16 orbits per day [3] . There are several types of TRMM data products. In this study TRMM 3B42RT is selected, including 3-hour, daily, or monthly. Resolution of the data is chosen based on the needs [4] .
Objective of the study
Satellite data that usually used to complete ground station data for drought analysis is the product of 3B42RT TRMM. However, TRMM data is only available from 2002 until present. Additional data is needed to get long time series of rainfall data. APHRODITE dataset can be used to complete the missing data of TRMM before 2002, since APHRODITE has the same spatial resolution of 0.25 degree with TRMM and the data available from 1950 -2007. TRMM and APHRODITE data may contain a bias, so correction for this bias using an analysis with ground station data may be needed both for datasets and further analysis. This study aims to compare the data quality of TRMM and APHRODITE as an alternative data to fill in the area in Indonesia with limited rainfall data for drought analysis purpose.
Methods
Data and location of the study
This study was conducted in Pemali-Comal river basin, Central Java. According to previous study of Research Center for Water Resources (Pusair) from the year of 2009 until 2011, there are 15 rain gauges has selected that assumed can represent drought severity level in Pemali-Comal river basin (Fig. 1) . Pemali-Comal river basin is a pilot project area for drought monitoring and analysis in Indonesia carried out by Pusair. 
Comparison of TRMM satellite rainfall and APHRODITE for drought analysis
This paper analyzes the data quality of TRMM and APHRODITE by comparing their meteorological drought index SPI and hydrological drought index SRI with the calculation results of ground station data. Performance criteria of both data are evaluated using correlation coefficient and RMSE.
Correlation coefficient and RMSE (Root Mean Square Error)
Correlation is the term used to measure the strength of the relationship between variables. Correlational analysis is a way to determine whether there is a relationship between two variables. If there is a relationship between variables so the changes in one variable will cause the changes in other variables. There are 4 shapes of relationship type (a) positive correlation; (b) negative correlation; (c) no correlation; (d) perfect correlation.
The criteria of how good TRMM and APHRODITE data compared with the ground-station observed data is evaluated using correlation coefficient and the Root Mean Square Error. The Root Mean Square Error (RMSE) is a frequently used measure of the difference between values predicted by a model and the values actually observed from the environment that is being modelled. These individual differences are also called residuals, and the RMSE serves to aggregate them into a single measure of predictive power. The RMSE of a model prediction with respect to the estimated variable Xmodel is defined as the square root of the mean squared error that can be seen in Eq. (1).
where Xobs is observed values and Xmodel is modelled values at time/place i.
Computation method of Standardized Precipitation Index (SPI)
Meteorological drought is defined as a lack of precipitation over a region for a period of time. SPI is a method of changing rainfall data into an index value by using a gamma transformation. According to Edwards and McKee [5] , the SPI calculation for any location is based on the long-term precipitation record for a desired period. This long-term record is fitted to a probability distribution, which is then transformed into a normal distribution so that the mean SPI for the location and desired period is zero [5] . SPI classified (Table 1) is used to identify drought [6] . 
Computation method of Standardized Runoff Index (SRI)
Hydrological drought is related to a period with inadequate surface and subsurface water resources established water uses of a given water resources management system. These indices are directly related to discharges in the rivers and water levels in reservoirs or lakes [7] . A theory of run approach developed by Yevjevich [8] is applied to enable detection of the drought onset, ending, and severity. This approach has been applied in many popular drought indices including Standardized Precipitation Index (SPI). Standardized Runoff Index (SRI), is an extension of the SPI for river discharge, giving a hydrological drought index. In this study a Log-Normal distribution is applied and using a fixed threshold of a long-term average annual flow. The procedure to calculate SRI is: 1) Compute the average of 1, 3, 6, and 12 months of the observed discharge data; 2) For each time-series and each month, transform the data into Log-Normal Distribution; 3) Convert the time-series having Log-Normal distribution into standardized Normal Distribution having zero mean and variance of unity. This new series having standardized Normal Distribution is an SRI time-series corresponding to 1, 3, 6, or 12 months; 4) Analyze the SRI series according to the Theory of Run, identify the drought severities as negative accumulated departure from zero, drought durations, and drought intensities [7] .
(1)
Results and Discussion
Meteorological drought index (SPI)
To examine the quality of TRMM satellite data, the correlation coefficient is one indicator. However, the correction coefficient only describe patterns/ swing, more details can be seen Fig. 2 , in which the graph between TRMM satellite rainfall data and APHRODITE comparison to ground-stations data.
Fig. 2. Groundstation rainfall data in Notog vs Aphrodite vs TRMM
From these images can be seen that TRMM data has a similiar pattern with the ground station data of Notog. The result that the value of the correlation coefficient both Notog-APHRODITE and Notog-TRMM has almost the same correlation of 0.7. RMSE values Notog-APHRODITE 197.4 while Notog-TRMM has a smaller RMSE is 178, in other words, TRMM has a little closer to ground station data rather than APHRODITE.
The calculated SPI 1, 3, 6, 9, and 12 is presented in Fig. 3 -5. Table 2 shows comparison of both satellite data in terms of correlation and RMSE. Based on the charts and tables, it can be concluded that generally TRMM give better performance than Aphrodite for SPI 3, 6, 9, and 12 months. For SPI 1 month, APHRODITE has a higher correlation coefficient compared to TRMM.
Hydrological drought index (SRI)
All of the rainfall time-series of ground-station data, TRMM and APHRODITE are converted into runoff at the outlet of the Notog Weir using a simple lumped NRECA rainfall-runoff model developed by Crawford and Turin [9] and evaluated by Adidarma [1] . The calibrated model is achieved using baseflow fraction parameter PSUB of 0.90 and groundwater discharge rate parameter GWF of 0.46.
The resulting series shown in Fig. 6 indicate that the time-series are having similar seasonal fluctuation. It is noted that the ground station rainfall produces over estimated discharge in the year of 2006 while the satellite data give better results. Fig. 6 . Time series of observed monthly discharge and three generated runoff time series using rainfall ground station data, TRMM and APHRODITE as meteorological forcing to NRECA.
The overall statistical performance of the time-series in Table 3 , shows that TRMM is the best compared to APRHRODITE and even the ground-station. Based on the series of observation data, and the three series of runoff from the ground-station, TRMM and APRHRODITE, four series of Standardized Runoff Index (SRI) using LogNormal Distribution and a fixed threshold of annual mean are computed and presented in Fig. 7 . Fig. 7 . SRI of the observed data, generated runoff from ground-station and satellites The statistics of the SRI performance compared with the SRI of the observed data in Table 4 shows that TRMM gives the best result, even better than the SRI produces by ground-station data. Aphrodite is the worst both in terms of correlation coefficient as well as the mean square error. 
Conclusion
Both monthly rainfall satellite data from TRMM and APHRODITE are having their value close to the ground station data, except for high rainfall. TRMM satellite data gives better result than APHRODITE for meteorological drought index SPI of 3 months to 12 months, while for SPI 1 month is the other way around. In case of hydrological drought index SRI, the discharges produced from TRMM data generally give better results than APHRODITE.
Recommendation
Whenever rainfall and discharges from ground-station is not available, TRMM satellite data can be applied to calculate the meteorological drought index SPI and hydrological drought index SRI after rainfall-runoff conversion.
